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(57)Abstract: 

PURPOSE: To suppress the change in an F-number 
by the image height of the incident luminous flux on a 
plane to be scanned by constituting both lens faces 
of the single lens of a third optical element of toric 
faces of an aspherical shape and continuously 
changing the curvature within a sub-scanning plane 
from on-axis to off-axis. 

CONSTITUTION: This scanning optical device has an 
f 9 lens consisting of one piece of lens having an f 9 
characteristic as the third optical element. This lens 
is arranged nearer the optical deflector 5 side than 
the middle between the optical deflector 5 and a 
photosensitive drum surface 8 as the plane to be 
scanned. Both lens faces of the f 9 lens 6 consist of 
the toric faces of the aspherical shape within the 
main scanning plane and the curvature in the sub- 
scanning plane is continuously changed from the on- 
axis to off-axis within the effect part of the lens. As a 
result, the change in the F-number (FNo) in the sub- 
scanning direction by the image height of the incident luminous flux on the plane 8 to be 
scanned, i.e., the change in a spot diameter, is suppressed to a small amt. The f 9 lens 6 
images the luminous flux based on the image information deflected and reflected by an 
optical polarizer 5 onto the photosensitive drum 8 surface and corrects the wobbling of the 
surface on the deflection plane of the optical deflector 5. 
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W{S|t]® 5 a t?ffiia]Elt3ftfcJfcjfctt±jfeSE#|rijfc gij^ 
S*[6|i:-C2v»K»4 4JBW* f 0 U>X6 * 
^LT^K5A8ffi±(Cag^?^, Rjfeffl|ti|g5£& 

zt&PBjjfiHzM&Lx^Zo ztuzs: *) mmmfox-i) 
[0047] *mM,w&x\± f e u>x 6<vu >xmk 

Z±M&Jjfate 1 0*i-COBB»T?^t>*4*Sjtffi®tt 
t L, iU*aSE*I^li«jSS*|fiJK:ifi«fi«jKaE<k1-4 3afflJ: 

6 fc3tettfc0>3£ja*lS£fcU 3fc*fc*l6]«rX*lu 3t?£S 

[0 0 4 8] 
[ft4] 



x = 



1 + ( 1 - ( 1 +K) (Y/R) 2 ) 



+ B 4 Y 4 +B 6 Y 6 



+ B« Y 8 +B 10 Y 10 (c) 



«!U R»iffisp¥S* K, B 4 , B 6 , B 8 , B 10 f2 
fa (ftmi^tT3LMg:J]fat<zMLXW.$i1-Zl5fa) ttt 



S = 



Z 2 /r 



[0 0 4 9] 
[%5] 



1+ (1 - (Z/r ') M 



T72T 



(d) 



(::T-r' = r ( 1 + D 2 Y 2 +D 4 Y 4 +D 6 Y 6 l/>X6©«Wgc^^f 0 
+ D 8 Y 8 +D 10 Y 10 ) ?£2>i^X'at>-&Z>i><DX£>Z> 0 [0 0 5 1] 

[0050] si iz-^MMmtziortzit^nmb f e [in 



(8) 



#H8 ¥08-297256 



m. i 









A (nm) 


780 










n 


1.519 


R 


6.781 4E+01 


1.6154E-f02 




01 


-90 


K 


-1.S787E+01 


-1.0814E+02 




e max 


45 


84 


-9.8604E-07 


-2.2909E-06 




e 


36 


B6 


1.5479E-11 


7.M26E-10 




d 


11 


BB 


8.7055E-14 


-3.2030E-13 




Sk 


110.5 


B10 


-47942E-18 


7 9836E-17 




Ymax 


42 


r 
1 




-1 1B59&tQ1 

* ■ • UiJ 9 &TW 1 




ft 


213.7 


D2S 


1 2604E-03 


4.9796E-04 


3 'J A — 9 — 


fc 


317.3 


D4S 


1.2255E-06 


-2.0734E-07 


06S 


8.4502E-10 


2.3479E-10 




D8S 


-6.3449E-13 


-1.0939E-13 


i_/ i uo 


I .O i nui- - i *-f 




D2E 


9.3936E-04 


4.4938E-04 


D4E 


2.0207E-06 


-4.6627E-08 


D6E 


7.0546E-1O 


1.1322E-10 


D8E 


-1.2936E-12 


-5.8704E-14 


D10E 


2.3372E-15 


4.3944E-1 8 



0 4f±f 0 U>X6 ^S^*fSj^fiHtw*ti--2>Bl3fedS*' 

[0 0 5 2 ] *^MJgffiici3v^T"««JciSBJ"7eSE*rnI 
fi 

1 pri = 4 8 . 7 3 Epri -10 8. 77 
0por=4 4. 4° 0img=2 9. 10° 
X *9 

d x = 6. 5 0 

x m = 3.24 x u = 7 . 4 8 

h&O, -ajb±I2^ffifittf^0^ft^: (1) (xm^ 

d x ^ x u ) ^M^-^Tv^o 

[0053] zixkzx v^nmmmitz&^xteitmfi}^ 



5 tWLM&m8?^z&i,f&wifc^fa<vmt%^zm±t 

~C§. HI 0 tc^1~J; ^ frdfft^frc J: ^SJ^at*[63^>^sK 
* hSo^-fbSr/hS <Wx.-6:t^H 0 £ 2x tc «£ 

[0 0 5 4] 12 (A) , (B) tt4t4*&m<?>3&m 

[0 0 5 5] *mmmm< l z&^xmm<7>mffiMmi tm 

[0 0 5 6] K*^Jfi»S8KiS*t*jt^:Efii: f 0 
U>X2 6«^M^*^-r 0 
[0 0 5 7] " " 
[H2] 



(9) 



#Bfl ¥08-297256 



2 





iff is>xte# 




A (nm) 


780 




i ® 


mzm 


iff u>;*fcWir* 


n 


1.519 




2 20D0E+O2 


-1 1768E+02 




ffi 


-60 


K 


0 OOOO E+OO 


0 0000 E+00 

V* vWwW L_ 1 w\# 




0 max 


42 










a 


40 


B6 


3 1847E-10 


•fl 6171E-11 


iff u>xtt»n>« 


d 


15 




_p Q372E-14 


1 &432F-14 


ftf i^>x-«jfeftia 


Sk 


146.45 


D lv 




O.HOvvC 1 0 


fffu>*fl*#*i« 


Ymax 


43 


r 


-1 . 1 *31 ^fc-HJ^ 


- 1 - / 0O£C+U 1 


iff i^x'fcAfelg 


ft 


150 


d2S 


-4.6301 E-04 


4.5963E-05 




d4S 


1.821 1E-07 


-7.121 OE-08 


d6S 


-1.0230E-10 


1.7390E-11 


d8S 


7.2371 E-14 


-4.3029E-15 




-2.1962E-17 


-1.4545E-19 


d2E 


-7.0160E-04 


1.1994E-05 


d4E 


3.641 1 E-07 


-5.9970E-08 


d6E 


-1.0351E-11 


-1.7699E-12 


d8E 


-7.6S85E-14 


2.1846E-14 


d10E 


2.0350E-17 


-9.2552E-18 



K M Ji ^ ?> ii^f ^ d ^ ^ o T > ^ * ^ JB tfe o ffl ^5 

[0 0 5 8] *HJ6Sffitci5v^r«B^J:&liJjtaE*rp| 

Epri =14 7. 51 
0 img = 2 4 . 5 7° 



9 4 
0° 



I pri =53. 
0 por =42. 
-t *9 

d x = 7. 6 0 

x m = 7 . 3 4 x u = 1 2 . 3 1 

fcfc*K -n^±feoffi^mJi£O^S (1) (xm^ 
dx^xu) SrSSJES-tfTv^o 
[0 0 5 9] dfUCj ^^Mff^^i3V^Tfit!j^^^ 

T-tix:^^ t^-Cl, HI 1 tc^rf J: d tcfft 
«KJ:£BJ7B£#|nJO;*#y hgoSffct/hS < 

[0 0 6 0] ^HiSBSgT-fiHtaoJp < u - -*f 1 



[0 0 6 1 ] 13 (A), (B) l*&+*&W<D$£tm 

[0 0 6 2 ] *5afi»ffitc*v^rKra^j6jgffii £H 

dmcft&v* f 0 uyXtD^fflLJj&l (Um&JJfa) 

[0 0 6 3] S3 tc*^|ifi^Ci5tt&3fc^Sefifc f 
W >X 3 6 0*3*ffi««r S:^-r 0 
[0 0 6 4 ] 
[S3] 



(10) 



#HB ¥08-297256 



m 3 





10 \s>Xf&Vt 






780 




% 1 Bo 




j 1/ wvi 


n 


1.519 


R 


6.7814E+01 


1.6154E+02 




e\ 


-90 


K 


-1 6787E+01 


-1.0814E+O2 




8 max 


45 


B4 


-9 8604E-07 


-2.2909E-06 




e 


36 


86 


1 .5479E-1 1 


7 1426E-10 




d 


11 


B8 


8.7055E-14 


-3 2030E-13 




Sk 


110.5 


B10 


,4 7942E-18 


7 9836E-1 7 


l- 


Ymax 


42 


■ 




I.I *JOUtT\J 1 




ft 


213.7 


d2S 


5.4992E-05 


4.4462E-05 




ft! 


317.3 


d4S 


-2.2581 E-08 


-2. 7866 E -03 


d6S 


9.5A92E-12 


2.5295E-1 1 




d8S 


-1.9648E-15 


-1.0163E-14 


U 1 wo 




% (\01fiC.1 Q 


d2E 


4.310ZE-05 


3.9194E-05 


d4E 


1.7579E-08 


-1.2704E-08 


d6E 


-3.641 9E-11 


1.1605E-11 


d8E 


2.1285E-14 


-3.3827E-15 


d10E 


-4.6427E-18 


8.2100E-20 



[0 0 6 5] 
[»6] 



S=- 



Z^ /r 



1 + (1 - (Z/r 



) 2 ) 1/2 



(e) 



::tr ' = r -hd 2 Y 2 +d 4 Y 4 +d 6 Y 6 +d 8 

[0 0 6 6] 16 fi^Hife^StcisttS f 0 1/>X3 6 
-t-fttWSIt?* 9 , rantc^i-J: 9 ^:i/>XIR l Xi±m 

ffcLTV>&£ t*^^-S 0 H9fl f 0 lx>X3 6<7>2N^ 

[0 0 6 7] *H*^ffitc*v^T«flitcJ:&liJ3t3E*|fij 

Epri =10 8. 77 
0 img = 2 9 . 10° 



7 3 
4° 



Ppri =48. 
6 por =4 4 . 
J: *9 

d x = 6. 5 0 

ti^ 0 Xf^>X3 6c0IiJ^5£^r&]^mjtPJJai¥M^ 
ttttOWffiS x m t a«±¥ffi^«.*^>»ffl* x u 11 
x m = 4 . 9 3 x u = 9 . 10 

fc«:*K ^ixh±M<o\m$m&<Dfe\$^: (1) (xm^ 



dx^xu) SriMJES-^Tv^o 

[0 0 6 8] CliMK <£ 0*HJfe5Bffitci3V»riiffiraSO|| 
JfeJgffil, 2 tra»tc36«|niS5 t«**H8W»ci3*t 

£ io r&i ^ #hs^ f i m± t mw- iz&\,*xmm± r$ m 

[0 0 6 9] X> ^JS^-CttttaojfeVf-^tfflv^ 

aa3featBJLtci3»t*^Siftoiffi#^ttiffl 
" [oo7o] ^^x^mmmmxuwm^^mm^ 

tt4*3lEj»Offl* f »j 4:4 <-f ifci*-C^ dftfc J: »9 t: 

[0 0 7 1 ] 913 (A) , (B) 
JKS 4 Oi^S^lfi] t iij^at^i^jossisiBfffiEl-e* o 

fw] [i t c is v ^ x m 3 ^ m t tz m * t m - s * k h ^ s & 

[0 0 7 2] R|l2Itci3^T4 6fi^3^jfe^^t LX 
<D f 0#14^^"-r^ 1 ticOP >XJ; O^^f ^>X 



(11) 



4#BB¥08-297256 



[0 0 7 3] *Mffi&mfc&tf2> f 0 U>X4 6tf>Mb 

-e wt a^atH k ami- & *mo«ss k ct * bo jfe at* rfij ^ 

tt^o X f ^>X4 6 (7)Ml/>Xffi^9 *>^£ < t 
t 1 ocouvXffi (ilH) R 1 ^glJ^S^Tf^^ffl^^ 

U>X4 6^HU>XM^giJ^^Tn]^ffl*^W±^^ 
tt^tCf^^v^W^^LT^^tc^^ J: ? tcggfbS* 

tclSfltS^ ^oajtfifnlS5^<BrRlBOB«n«:«iE 
[0 0 7 4 ] ft, ^HiS^Sgtcisv^Tfi f 0 >X4 6 

[0 0 7 5] **ife^i^C^v^T^ft:b--if- 1 1 J 



s = - 



Z 2 /r 



1+ (1- (Z/r ') 6 ) 



oTMTtm (jfcfi) SrfWKL-Cv"; > K'J *;i/U>X4 
t:AlfLTv^ 0 > KU ^;^U>X4 MAS* L £56 

«Ltv^ 0 ^-Lr^ii^tf 5<7){irp]M5 a -efsfa&W 

m%&m$rJ)*Jii-Z> f <?U>X46 S:^US*K7 
[ 0 0 7 6 J ^MMMWk'Cii f p i/>X4 6v")i/> Xjfz 

ttfc u BJjt3fc*initt«ffi*rfij^a«Ew*csg^bi-&«ffi 
i:^Mltv^ 0 -t^uvxjg««, ±jfe*^riniti+ 
jfrt-s-g^^raja*, nuts (c) SK^gft* &£>t*& 
»9> xio^s^rS] (f u>x^dssr-g-tpBEje*^rfi] 

[0 0 7 7 ] 

[a 7] 



T72" 



(f ) 



C^-Cl/r' = l/r+D 2 Y Z +D 4 Y + Dg Y 6 +Dg Y 8 
+ D 10 Y 10 ) 



[0078] — m^^^^-^^yt^witz&^x 

1/1 O&T^-f&Zt&mt L^o Mz.\£Wm?&J3[% 

(om^stffls o o d p i <ojfeaE*^an^4i^. bj** 

^|p|tCi5tt-Se-Atr!yf-f±4 2 //mi fF§ 

[0079] *z^*mmmmvi±WLM&mK\9i't& 

/MlfcFm i n <h Lfctl/ ' 

Fm i n/Fma x^0. 9 (2) 

£ & J: ? K f 0 U>X4 6 0WU>XH 



[0 0 8 0] ±feo^* (2) SrntL-StjfeaciRft** 
(c J: oT t: 7 f A 7 *c g £ t>Hffl±IWH fc ft 

-oT < &CDT~&< ftV^ 0 

[0 0 8 1 ] SU *C||ife»ffi4 Kl-*3tt-&3fe^E«fc f 6 
U>X4 6 0#3«H«»«: jjrfo 

[0 0 8 2 ] 

[S4] 



(12) 



1#P*W08-297256 





















w> 1 w 


o TXT 




A (nm) 


780 


R 


6.7814E+01 


1.6154E+02 


f e u>xjg#f^ 


n 


1.519 


K 


-1.6787E+01 


L0814E+02 




e\ 


-90 


B4 


-9.ooG4E-L)7 


-Z.2909E-06 




d max 


45 


B6 


1.5479E11 


7.1426E10 


^ ij rf i e\> vx 


e 


36 


B8 


8.7055E-14 


-3.2030E-13 




d 


11 


BIO 


-4.7942E18 


7.983 6 E- 17 


f 0 L/ :xX— $£jfe3fc® 


Sk 


110.5 


r 


-2.8363E+01 


-1.1966E+01 




Ymax 


42 


D2S 






f 0 l^>XfiL£K« 


ft 


213.7 


D4S 


-2:2581E-08 


-2.7866E-08 


^ U > — 9 — J&L&gC 






D6S 


9.5892E-12 


2.5295E-11 


n -f v-£ffcjjvWj£r 


fc 


317,3 


D8S 


1.9648E15 


1.0163E-14 






D10S 


2.7992E19 


1.9816E 18 








D2E 


4.3102E-05 


3.9194E-05 








D4E 


1.7579E-08 


-1.2704E-08 








D6E 


-3.6419EI1 


1.1605E-U 








D8E 


2.1285E-14 


-3.3827E-15 








D10E 


-4.6427E18 


8.2100E-20 



f 0 6 0ffl^4;#ft<^ffi**ilU>XffiKi3V* 

Fmi n/Fma x = 6 4. 

[0083] m2 2 it^^mmnw** 

^K««r»*K6 0 0 d p i OtSciRIIBPH 4 2 . 3/, 
m) ffl L/: t I^SSi^^) i^tliit* 

A^*±0. 4^mgjg) fc||ffl±£:< HSfl»3:v>l^;V 

[0 0 8 4 ] i(0J:d^*ia6Jgffi"C*i±aoJn<*ft 
S (2) *iKJES-£oo f 0 1/>X4 6<DWm^^] 

tt"Ca*»*c JEftS-tir-S ihCiot, flrtSK «t &ffi|jfe 

f-A^^^< Ltl/^o X, *HlfcJKffi-Ctt#3 0*^: 
3^?- (f 0 U>X) 4 6^U>Xt1MLtv^^ 
n h -effing h*-7^f-bT-A*at3t^|SaS:it 



5 2X6 6. 31=0. 97 3 

[0 0 8 5J 114 (A) , (B) W#>?r*5IWO^Jfi 
[w| IUK is v > Tin 3 K L tz W * t W\ — 3?3S &C [WJ^# £ 
[0 0 8 6] **Jfi^S8frci3v^mra^)mfeJgS8 4 £;f| 

> xffi o # & # r&] <d ft * «: kz *t l x mm t%&x 

[0 0 8 7] ^Sfc^tt^ffiSfcisit&ft^Efli: f 0 
"1/>X5 6m$mWW&%KlTo 
[0 0 8 8] 
[»5] 



(13) 



#^¥08-297256 



m. 5 











f a \s >xmi£ 










Si l m 


% 2 ® 




X (nm) 


780 


R 


7.6014E+01 


1.8577E+02 




n 


1.524 


K 


-1.4188E+01 


-9.3624E+01 




0i 


•60 


B4S 


-8.8268E-07 


-1.6683E-06 




# max 


41.0 


B6S 


8.85G6E11 


3.5647E-L0 


* y rfy - f $ v >X 


e 


41.1 


B8S 


4.0586E-14 


-1.2 120E-13 


f a h>>X*p<L-m 


d 


10.4 


BIOS 


-5.2861E-19 


3.5062E-17 


f 0 ^X-atjfeitM 


Sk 


122.5 


B4E 


8.8268E07 


-1.6683B-06 


f * ix>x«^«r« 


Yin ax 


42 


B6E 


5.2038EH 


3.5647E-10 


f 0 lsv^MM 


ft 


237.7 


BSE 


6.4399E14 


-1.2120E-13 


3^ iRjfc& 






B10E 


-5.1518E18 


3.5062E-17 




fc 


339.69 


r 


-3.0459E+01 


1.3017E+01 






4 40 61 


D2S 


o o o one r\ n 

-3.z380E-05 


■ 1.4 1 1 1E-Q6 








D4S 


7.6080E-08 


1.0715E-09 








D6S 


-3.4870E-11 


1.7648E-11 








D8S 


5.0570E-15 


-8.2750E-15 








D10S 


O.O000E+0O 


1.0082E-18 








D2E 


-3.5200E05 


1.4111E-06 








D4E 


8.0516E-08 


1.0715E-09 








D6E 


-3.8015E-11 


1.7648E-11 








D8E 


6.0665E-15 


-8.2750E-15 








D10E 


-L.1908E-19 


1.0082E-18 



Fmi n/Fma x = 4 9. 

[0 0 8 9] 12 3 fi^i&^ffi^^^^lf-A^T'c 
6 0 0 d p i (*S»WIW4 2. 3* 

A7fi2. 4/imgffi) fc*ffl±^< Mffico^v^u^;!/ 
[ 0 0 9 0] ^OJ: 9 ^^M^^^v^T^mf^cT)^ 

*®ffi4 tra*tc*fts: (2) MJJHoo f 0 u> 

X 5 6 <OBJjfe3E*|nI (^H^rrfil) G9ffi^£p5l/>XMfc 
Av£&< ltv^o X*Hi6^S8t?ii f a u>X (SI 

a^*^*^) 5 6OWU>XfflC0«jft*[pj(Dffl5pS:3t 

[0 0 9 1 )115 (A), (B) tt#*#f&9J 
JBffl 6 <0±*3£*|p| fc BJjfe**fRl^S»»fBDH-e* £ 0 



75/5 3. 08 = 0. 937 

[0 0 9 2] *||ffi^Sitci3V^Tltfi£0||Jfe^S4 fcH 
&£<£ti, f ^1/>X (H3©jfcff?) 76^2R^ 

O^SBSr^-r&^flcu— »f 1 1 j^OTfcsKfcrnj 
=f>^ 7- l 5WJ =r>ffi$fc£ 4ffiri*£> 6Mfc L 

[0 0 9 3] Mlt:i3-t>t7 6 f±i-3 feJ6^ff 

fc LX<D f l/>Xt*5, ^'7 7#J; *)j£&tll f 0 
U>XtLT^)iIl/>X 76a 
fc, 77ATy?&£V&&#%m : J&iJz<Dm2{ai'> 
Xfc Lt^h-'J U>X Wl^^f'^ h- 
U^l^X) 7 6 b fc^>24S:OU>Xj: Wot^ 
& G ^'7XfflU>X7 6 a*i5fcffi|n]gl 5 fcJfefcK? 
A® 8 fcco^r^ct Oi*fi|plgl SfflSCBB^n, ±tc f 

*S*r&I<o««S*o»iE t ft oTv^e 
[0 0 9 4 ] *3S*fcJgffi-C«BJ^3iE*|p]<iOiBW*OJafc 



(14) 



¥08-297256 



l/>X7 6bOil/>XS^^ (IiJftft^ft) iz 
« 6 



[0 0 9 5] *6KHifc®ffi6Ki5*t*#*Efii: f * 

b) 7 6 0*«l«aS:Sto 
[0 0 9 6] 
[*6] 











* 1 f * u->xj^« 










* 1 ffi 






A (nm) 


780 


R 


oo 


-1.2042E+02 


ffi i f /] Ix >Xilr$ 


nl 


1.786 


r 


CO 


-1.2042E+02 


©2 f 5 w>XJH9r¥ 


n2 


1.572 




ffi 2 f 0 WX^tfc 




0i 


65 




»1I 


tfS2 Qf 




0 max 


45 


R 


-8.7734E+02 


-3 4387E+02 


#y rfv -$g 1 f * u>X 


el 


25.28 


K 


0-OO0OE+O0 


O.0OOOE+0O 


« l f * u >x*<i*W 


dl 


14.00 


B4 


-1.5203E-08 


6.2830E-08 


m i--*2 f * i^>xm 


e2 


17.60 


B6 


-1.2062E-11 


-L5527E-11 


$2 f ^ 1> >Xi£,fc^ 


d2 


5.10 


r 


■1.2218E+01 


-9.9688E+00 


f 6 l^>X-«L^3leffi 


Sk 


116.13 


D2S 


-4.2145E-07 


4.2877E-07 


f l^>X**t*ft 


Ymax 


50 


D4S 


1.3072E-10 


-7.9350E-10 


f 0 UVX&^ffiJg 


ft 


136 


D6S 


6.7762E-13 


7.0965E-13 


# y =r > 


*M*R<*40 6 a 


D2E 


2.2156E-07 


1.2975E-07 








D4E 


1.2193E-11 


-2.2874E-10 








D6E 


4.9138E-13 


4.3863E-13 



mi 8fi^M^6 0^^4M±tc^tt^IfJ^^fp]<7) 

1 — * J U>X7 6 b^IiJ^S^ft^ffi^fcWuyX 

Fm i n/Fm a x = 7 2 . 
0. 9 9«Ix.Tv^ 0 
[0 0 9 7] EI2 4 (i**ife^ffi^v;i/^tf-A3tS3fc 
^«B*»«ffi 6 0 0dpi (fe&mmm 42.3m 
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